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AN INVESTIGA!LTONOFA SUPERSONICAIRCRAFTCONT’IGURATION

HAVINGA TKPERXDWINGWITHCIRCULAR-ARC

SECTIONAND&O”SWEEP6ACK

A PRESSURE-DISTRIBUTIONSTUDYOF THEAERODYNAMIC

CHARACTERISTICSOFTHEWINGAT MACH

~ NormanF. SmLth,JulianH.
andRobertA. Webster

suMMARY

NUMBER1.40

Kainer,

<

A pressure-distributioninvestigationof thewing,inthepresence
of thefuselage,ofa supersonicaircraftconfigurationhasbeencon-
ductedintheLangley4-,byk-footsupersonictunnelat a l&chnumber
of 1.~ anda Reynoldsnumber,basedon themesmaero~smicchord,o“f

0.598x 106. The.quarterchordof thewingwassweptback40°;thewing
hadan aspectratioof 4,a taper.ratioof 0.5,and10-percent-thick
circular-arcsectionsperpendiculartotheqmrter-choruline. Forthe
Machnumberof thepresentinvestigation,thewinghadsupersonic
leadingandtrailingedges;theleadingedge,however,hada detached
shockwavethroughouttheangle-of-attackrange.

Theresultsof thisinvestigationhavebeencomparedwiththe
resultsofa preciouslyreportedinvestigationof thesameconfiguration
inthe4-by h-footsupersonictunnelata Wch numberof 1.59and
Reynoldsnumber,basedon themeanaerodynsnicchord,of0.575x 106.
Ingeneral,theagreementbetweentheexperimentalandthetheoretical
wingcharacteristicsatMachnumber1.!)0wasnotasgoodas atMach
number1.59. TheriatureoftheflowforbothMachnumbersl.kOand1.59
wasqualitativelysimilar.Theexperimentalliftanddragcoefficients
decreasedandthepitchingmomentsbecsmemorestablewithincreasing
Machnumber,aspredictedby lineartheory.ForbothMachnumbers,
t!!eexperim&ntalliftanddragcoefficientsandthestabilitywere-less
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thanpredictedby lineartheory.Thediscrepancies.re~ultedprincipally
fromtheexistenceof largeregionsofsepargtedflow~t thetra!ling
edgeandat theoutboardstationsofthewing,andinP_* fromtfie ::
pressureof a detachedleading-edges~ock:.L_ - -. .,

At bothMachnumbersa pronouncedinterferenceof..thefuselage
onthewingwasobservedat the inboardstationsbuttQiseffe_ct :.
diminishedfairlyrapidlyoutboard. ~...

.
INTRODUCTION

,

A comprehensiveinvestigationofa supersonic“aircraftconfigura- ~
tionhavinga taperedwingof circular-arcsection,.aspectratio4,and
40°sweepbackofthequarter-chordlinehas.beenconductedintheLangley.-
4- by 4-footsupersonictunnel.Inorder’ti.:pbtairi.a~etalledknowledge
of theflowoverthemodelaswellas thegerieralaerodynamiccharacter”-““
istics,extensivetestswereconductedonbotha tirge~scaleforcernodeq
anda pressuremodelof thecompleteconfiguration“at‘Mac-hnumbersof ‘
l.b a=d’1.59. !I!heresultsof~he’pressur~-distributi~nstudyof the ~ 1.
fuselageanditscanopiesarereportedinreferences1 and2 atMach
numbersof 1.40and1.59,respectively.T& resultso? thepressure-
distributionstudyof thewingobtaineddurfngtestsof_thecomplete~“
pressuremodelat a Machnumberof 1.59arepfesentedinreference3.
Theforce-modelinvestigationsof staticlongitudin,al.~dlateral
stabilitycharacteristicsatMachnumbersof1.40and1.59arepresented
inreferences4 to6. =.

Thisreportpresentstheresultsof thepressure-distributionstudy
ofthewingobtainedduringtestsof thecompletepressuremodelata
l@chnumberof 1.40anda Reynoldsnumber,basedon themeanaerodynamic-
chord,of 0.598X 106. Forthisinvestigation,theco~nent ofMach
numbernormaltotheleadingandtrailingedgeswassupersonic;however-,
theshockwaveat theleadingedgeremaineddetachedt&oughoutthe.
angle-of-attackrange.Thepressuredatahavebeenanalyzedinterms
of sectionandover-allwir@characteristics,andtheexperimental
resultshavebeencomparedwiththecorrespcuiaingcalculationsbasedon
lineartheoryandwithsomeexperimentalandtheoreticalresultsat a
Machnumberof1.59 (reference3).
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Free-streamconditions:

P massdensity

v airspeed

SYMBOLS

ofair

a speedof soundinair

M Machnumber (V/a)

q dynamicpressure
()&v*

1? staticpressure

Winggeometry:

s areaextended

b span

A aspectratio

c airfoilchord

throughthefuselage-

(b2/S)

at anys~..wisestation

c’ meanaerodynamicchord(~~/2c2dj

F. meanchord (S/b)

x chordwisedistancemeasuredstreamwisefromtheairfoil
leadingedge

Y spanwisedistancemeasuredfromtheplaneof symmetryof
thewing

z normaldistance

a angleof attack

Pressuredata:

measuredfromtheairfoilchordline

ofthewing,degiees

3

.-

Pz localstaticpressure
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pressure,coefficient

section

section

section

section

section
about

section
about

normal-force

(’w” ‘---:
r- 1

coefficient
-~1 1

‘-(P~:”-l?u)@

chord-pressure-forcecoefficient
. .

liftcoefficient(Cn COS,,a- cc sins)

pressure-drag’coefficient.(~ SinB + cc cos~)

pitchhg-momentcoefficie?it,dueti.normalforcesl
the~-percentpositionof the@irfoilchord .:

[1(P~t- ( )0]Pu)0.25-.= :

pitching-momentcoefficient,dueto-no-l forces,
a lineperpendiculartothep-e of symmetryand .

passingthrough-thea-percent-positionof-themeanas~-

dynamicchord ~[ (p.,-Pu)@-$F)J

distancefromtheleadingedgeofeachspanwisestationto
a lineperpendicularto theplaneof symnetryandpassing
throughthe25-percentposition.of.the@-&n..@eroQ-fc
chord(positiverearwardfromleadingedge)

wingliftcoefficient~L=~+($@+$

1

.-.

.-
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.

CD wingpressure-dragcoefficient

cm wingpitching-momentcoefficientabouta lineperpendicular
to theplane”ofsymmetryandpassingthroughthe
25-percentpositionof themeanaerodynamicchord

([ 1
=%1’2

cm=~ — (7)
.=—~ (6)2 ‘2 1‘)

Ycp spanwiselocationof thecenterofpressureof thenormal

‘ force[[yi,8/;:;

‘o

.

chordwiselocationof thewingaerodynamiccenter

Subscripts:

L1 lowersurface

u uppersurface

a valueat angleof attack

a= o valueat 0°angleofattack

.
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APPARATUS

TheLangley4-by k-footsupersonictunnelisa ~ictangularj ‘1
closed-throat,single-returnwingtunneldesignedfor.=a.nominal~ch ._.
numberrangefrom1.2to2.2.

.,..-
De&ileddescriptionsof thetunnelsad’

calibrationof thetestsectionarepresentedinrefetiences1 and2.
Thedetailsofthewingandmodel(figs.1 to 4)arediscussedin
reference3. .-—.

TJEN7S,CORRECTIONS,A.NDACCURM!Y

Thebasicpressuredataoverthewingwereobtairyed
attackof -@, 0°,1°,3°,5°}70j9°jll”~and13°ata

foranglesof:
Machnumber

8
of1.40anda eynoldsrmmber,basedon themeanaerodynamicchord}
of 0.598x 10.. T!tIeaerodynamicdatahav&beenobtiinedat thefol-
lowingtumnelstagnationconditions:pressure,O.= q.tmosphere;
temperature,110°F;anddewpoint,-3~0F..lForthe~e-testcondftions~
thecalibrationdata(reference1)of thetestsectionindicatethat
theeffectsof condensationon theflowoverthemodelareprobably
extremelysmall.Sincethemagnitudesof theflow“angle,Mch number,
andpressuregradientsaresmalJ_inthevicinityof th_e.model,no
correctionsduetothesesourceshavebeenappliedt-o.thedata.A’ j.
discussionof theaccuracyof thewingdatais presentedin ref=w= .3.

PRESENTATIONOFRESULTS -- ●

Thebasicpressuredatawereobtainedduringtestsof thecomplete
modelat four“spanwisestationsparalleltothestreamandat two
stationsobliqueto thestream.(Seefig.3.) Thepressuredistribu-
tionsfromthestreamwiseorificesarepresentedinfigure5 andtableI
andfromtheobliqueorificesinfigure6 andtable11. Inallthe
figures,flaggedsymbolsarefairedwithdashedlinestodesignatethe
lower-surfacedata.A comparisonof thebasicpressuredatafor’1.kch
numbers.ofl.kOand1.59(reference3)at anglesofattackof 3°andXl.”
ispresentedforthefourstreamwisestationsinfigure7. Theunit __
chordwise-pressure-forcecoefficient,defin@as thep=oductof the
localpressurecoefficientandthelocalslopeinthe.streamwisedirec-
tion,ispresentedinfigure8 forthefour.streawisestationsfor
representativeanglesofattackof -2°,0°,5°,andlie.

Thepressuredataof figure5 arecomp%Ted.with“&lculations,_&d
on lineartheoryforzeroangleofattackinfigure9>~d forseveral
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anglesofattackinfigure.10. Thetheoreticalcalculationswere
obtainedby meansof references7 to10as explatied’inreference3.

7

Thesectionnormal-force,chord-pressure-force,andpitching-nmment
coefficientsat thefourspanwisestationsobtainedby integ~atingthe
pressuredataof figures5 and8,&d thesectionliftandpressure-
dragcoefficientsobtainedfroma resolutionof thesectionnormal-
forceandchord-pressure-forcecoefficientsarepresentedinfigureXL,
h addition,figureU containssimilardataatMachnumber1.59(from
reference3)andthecorres~ndingtheoreticalcalculationsforboth
I.&hnumbers.Sincetheeffectsof skinfrictionarenotincludedir”
thedragcoefficientsobtainedfromthefitegratedpressuredata,the
experimentalandtheoreticaldragcoefficientsareona comparablebasis.
Thespanwisedistributionof thesectioncoefficientsandloadparam-
etersfornormalforce,drag,andpitchingmomentarepresentedin
figures12to14. Althoughthetheoreticalresultsforallconditions
infigures12 to14maybe obtainedfromfigureM.,onlyone”represent-
ativetheoreticalcurvehasbeenpresentedtherein.In figure14,the
sectionpitching-momentcoefficientshavebeenreferencedto the
quarter-chordlineof theindividualsections,andtheloadingparameters
havebeenreferencedtoa linewhichisperpendicularb thepl.aaeof
symmetryof themodelandpassesthroughthe25-percentpositionof the
meanaerodynamicchord.A comparisonof theexperimentalandtheoretical
loadparametersforthesectionnom”l-force,drag,andpitching-moment
coefficientsfor&ch numbersof l.k-oand1.59(reference3)atangles
ofattackof 3°andll”ispresentedinfigure15. Figure16presents
a comparisonof theexperimentalandtheoreticallocationsof the
centersofpressureofthenormalforcesat thefourspanwisestations.

Theover-allexperimentalandtheoreticalwingcharacteristicsfor
both M = l.koand1.59(reference3),obtainedfromintegrationof the
spanwisedistributions,arepresentedinfigure17asa functionof
angleofattack.Theseresultswerecalculatedby extrapolatingthe
datafromthewing-fuselagej~cturetothecenterlineofthemodel;
thecoefficientsthusobtainedaremorenearlyequivalenttoa wing-
aloneconfigurationthantoa wing-bodycombination.(Seereference3.)
Figure18presentstheexperimentalandtheoreticalwinglift-drag
ratios(obtainedfromfig.17)forMachnunibersof 1.40and1.59(ref-
erence3). Figure19presentsa comparisonof theexperimentaland

theoreticallocationof the~teralcenterofpressureYc

7b2
, andthe

aerodynamiccenterno to indicatequantit~tivelytheaccuracywith
whichtherootbendingmomentsandthemarginof staticstabilityof
thewingcanbe predicted.

I
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DISCUSSION ,.,.

A detaileddiscussion.ofthelimitationsof experimentaland
theoreticalcomparisons.iscontainedinreference3. .Ingeneral,the
basic,pressuredatafor M = 1.M indicate_flowc@~@t~Tis.ticswhich .,.
aresimilarto thoseobservedat M = 1.59 andwhicharediscussedat
lengthin reference”~..Thediscussioninthepresent.reportwilltheref-
ore be abbreviatedinthisrespect,butwilltreatindetailcomparisons
ofthedatamd theoryfortheMachnumbersof 1.40and1.59.

Leading-edgepressurepeaksinducedby thedetachedleading-edge ~
shockwavefirstappearwithincreasingangleofattackunderapproxi-.
matelythesameconditionsfor.bothMachnumbers,that-is,at a = 5°

for
?

0.186and0.436andat y = 3° for
+

= 0.686and,O.937
b2=. b2

(figs. ”5 and7 herein, andfig.5,refe”rence-3). Althoughthecomponent
ofMachnumbernormaltotheleadingedgeissupersoni.c,for,both.~chA_ ,...
numbers,theleading-edgeshockisdetachedsincethe-leading-edge
wedgeangleexceedsthemaximumallowableforanatta~hedshock,, ... ,.,,,

Thewing-bodyinterferenceeffectsat M = l.~ .-fora = 0°
(fig.9)aresimilartotheeffectsobtainedat M = 1-.59(reference~).‘
Thepressureson theuppersurfacehavehigherpositive(orlowernega-
tive)valuesthanthoseon thelowersurfaceinthevicinityoftheroot
Sectionjthiseffectdiminishesoutboard.

Someinterferenceeffectsat thetrailingedgeh--theformof
suddenpressureincreasesareobservedataQ stationsfor M = 1.40 ‘
(figs.5 and6). Theseeffectsarestrongerneartherootsectionfor ““““
thecompleteangle-of-attackrangeanddiminishspanwise.Similar
pressureincreaseswereobservednearthewingtrailing-edgeat the
inboardstationat M= 1.59. Theseeffectswererestrictedto the ‘~._
inboardstationat thisMachnumber(fig.7),probablybecausethezone
of influenceof thefuselageat M = 1.59 didnotextendoutboardof
therootsection. ~. ~.--..

Forzeroangleofattack,a build-upofl~nar 2PParationfrom
abouttherear15percentofthechordattherootto-abouttherear
30percentofthechordatthetipisindicatedinthe_dataof figure9:
Comparisonofthesedatawithcorrespondingdataat .M= 1.59 (~fer- .“
ence3)indicatesapproximatelythesamepointofsep~ra:tion.
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M = 1.59 ekhibitless”liftthsmpredicted,thetipstationat M“= 1.40
(fig.10)indicatesmoreliftthanpredicted.l’hemarkedcontrasta
betweenthepredictedandexperimental-flowiSdueto theeffectsof
thedetachedshockwaveandflowseparation,which-cannotbe included
in lineartheory.

ThesectiondataforMachrunnbersof 1.40 and1.59arecomparedin
figureU. At M= l.h(l,theliftcoefficientsarelessandthe
pitchingmomentsarelessstablethanthepredictedvaluesforall
stationsexceptthetipstation,whereasthedragcoefficientsareless
thanthepredictedvaluesforalls&tions. At thetipstation,the
predictedliftingpressuresarelowerthanthemeasuredpressures
(fig.10)whichcausessectionliftcoefficientstobe greaterthan
predicted.Thepredictedpitching-momentcoefficientsarelessstable
sincethepredictedcentersofpressureat thetipstationareforward
of theexperimentalpositions;As theWch numberis increasedfrom
l.~ to1.59, theexperimentalliftanddragcoefficientsdecreaseand
thepitching-momentcoefficientsbecomemorestable,as predictedby
lineartheory.

Thespanwiseplotsof thesectiondata(figs.12”to14)clearly
indicatethatthemeasuredlift,drag,=d pitching-momentcoefficients
ekelessthanpredictedforallstationsexceptthetipstation.Ih
figure14.,a positiveloopinthetheoreticalcurvefor Cm isobserved
inthevicinityof thetipwhichisa directconsequenceof theinter-
actionof theroot“andtipMachconesandthereflectionof theroot
Machconeoffthewingtip(seefigs.3 and10);however,theseeffects
of thelineartheorydonotoccurintheexperimentaldatabecauseof the
presenceof thedetachedshockandtheseparationeffects.Itmaybe
notedthatsucheffectswerenotfoundinthetheoryfor M . 1.59
(reference3 ) since,forpracticalpurposes,theWch conefromtheroot .
didnotreflectoffthewingtip. Hence,thecalculatedlift,drag,and
pitching-momentcoefficientsweregreaterthanthemeasuredvaluesfor
allstationsincludingthetipstation.F@hermore,thepredicted
qualitativetrendsagreewellforbothMachnumbersexcepttheonefor”
thetipstationat M = l.kO. ●

A comparisonofthespanwisedistributionof load,drag,and
pitching-momentparameters(fig.15) at twoanglesofattackforMach
numbersof 1.40and1.59showsthedecreasingtrendswithincreasing
Machnumberpredictedby lineartheory.

Thedataof figure16 showthattheexperimentalcentersof pres-
sureareforwardof thetheoreticallocations.Verylittleshiftin
themeasuredcenter-of-pressurelocationisobse~edeitherspanwiseor
withangleof attack.
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Theintegratedresultsshowa decreaseinlift,Wag, andpitching-
momentcoefficientswithincreasingMachnumberforalra”nglesofattacl
(fig.17) as predictedby lineartheory.Closeragreem~ntbetween
experimentandtheoryisobserved,however,‘forM = 1.59 sincethe
flowconditionsmorenearlyapproachtheassumptionsrequiredby linear
theory.

.Ata Wch numberof 1.40themsximumexp&rimen’iQL/D was5.6as”
comparedwiththepredictedvalueof4.4. (*e fig.18.) *tteragree-
mentwasobservedat M = 1.59,anda higherqaxiniwnL/D wasrealized
atM= 1.40 thanat M = 1.59. Thesephenomenaarea consequenceof
thefactthat,i’nthevicinityof transonicflows,theactualdragdoes”
notfollowthepredictedasymptoticpeakswhilethe”actualliftsdo
followsucha-trend.

Fora Machnumberof 1.40themeasuredaerodynamiccenterwasfor-
wardof thepredictedlocation,whileexcellentagreem~twasobserved
forthelateralcenterofpressureforallangleso~attack(fig.19).
Thisagreementmaybe somewhatfortuitousinthat.the integratedresult
isaffectedby thedisagreementinthesectionliftsintheviciiiity
of thewingtipat M = 1.40 (fig.10). Comparisonof thesedatawith
theresultsofreference3 showsthata decreWeinMachnumberfrom
1.59to1.40resultedina forwardmovementof theaero~~amiccenter
ofabout5 percentof thechordandan outboardshift .4.t.hs.l.ater51.-
centerofpressureof about5 percentof thewingsemispan.

CONCLUDINGREMARKS

A pressure-distributioninvesti&tionof thewing(inthepresence
ofthefuselage)ofa completesupersonicaircraftconf~~ationhas -
been.conductedintheIangle”y4-by 4-footsupersotiictunnelata Mach
numberof 1.40anda Reynoldsnumber,basedonthemean.aerodynamic
chord,of 0.598x 106. Thequarterchordof thewingwasswept
back40°;thewinghadanaspect~tfo of 4,a taperratioof 0.5,and
10-percent-thickcircular-arcsectionsperpendicularto thequarter-
chordline.FortheMachnumberof thepresentinvestigation,thewi~”
hadsupersonicleadingandtrailingedges;theleadingedge,however,
hada debchedshockwavethroughout theangle-of-attackrange.

Theresultsof thisinvestigationwerecomparedwiththeresults
ofan investigationof thesameconfigurationinthe4-mby4-footsuper-
sonictunnelat a Machrmunberof1.59anda
themeanaerodynamicchord,of0.5E x 106.
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. betweentheexperimentalandthetheoreticalwingcharacteristicsat
Machnumberl.~ wasnotas goodasatMachnumber1.59. Thenatureof

. theflowforbothWch numbersl.~ and1.59wasqualitativelysimilar.
Theexperimentalliftanddragcoefficientsdecreasedandthepitching
momentsbecsmemorestablewithincreasingMachnuniber,as predicted
by lineartheory.Forboth~ch numbers,theexperimentalliftand
dragcoefficientsandthestabilitywerelessthanpredictedby linear
theory.Thediscrepanciesresultedprincipallyfromtheexistenceof
largeregionsof separatedflowat thetrailingedgeandat theoutboard
stationsof thewingandinpartfromthepressureofa detachedleading-
edgeshock.

At bothWch numbersa pronouncedinterferenceof thefuselageon
thewing~s obserfedat theinboardstationsbutthiseffectdiminished
fairlyrapidlyoutboard.

.
.

LangleyAeronauticallaboratory
NationalAdvisoryCommittdeforAeronautics

IangleyField,Va.
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-.I.30

0.234
.164
.105

:%
.043
.W

-All
-.027
-.*
-.W9
-.*O
-.136
-.200
-.333

0.143
,141

.&
-.olg
-Js7

m
-Al
-.20’7
-.247
-.223
-.6

0.325
.225
:$

.J.29

.1o1

.057

.033
,01.5

- .01?
-.059
-#w
-JS7
-.179
-.203

m C.aerflciant

0.-5” I a.-r I G.9Q I CL.I.I.Q I a-l?
~ ma-race

-o.(WI
o
.G24
.016

;:%

..O&?
-.W3
-.IBO
-.12J3
-.202
-.2W?
-.2%2
-.303
-.24a

mr nuxfme

-0.294
-.212
-ml
-.W3
-.045
-.0’75

-.132
..lao
-.2%
-.232
-.236
-.272
-.W3
-.332
-.2Q4

1
0.403 0.471
.=92
;Z& g

J&3 .242
.154 .236
.13.o J90
Sg .lJ$

.123
.m .C23

-.olls Jm
-J@ -.029
...I16 -.073
-.1$
-.lzi3

-.097
-.120

-0.kca
-.3W
-.m
-.161
-U/5

-J@
-.23
-.271
-.m
-.
-.%
-.332
-.32
-.=9

-0.490
-.W

-.323
-.31
-.W

-.233
-.~9
-.315
-.X9
-.303
-.3a
-.354
-.372
-.=5

0.537
.*
.3!%
.3=
.@
.272
.237
.~7
Lull
J37
.L-al

-:%
-.050
-.W

O.m
.m
,419
..%5
.m
.3+7
.W
:x

.m

.136

.071

.fw3

-0,52$

-.337
-.363
--m

-.3e5
-.345
.-.3’55
-.355
-.343
-.355
-.375
-.355
-.ti3

0.642



!OWLEI.-PRTE9USXCOEFFICIENTDATAFORFOOR

(b) ~ - 0.4~
b/2

KE’MWIE?JSTATIONS- Continued

1

P
.!=

tiff Ice R79B6ure coefficient
station

(psrcent c) U.-p U.@ a=l” a=? ala50 (& =-p a=g” U.U.O u . 130

3.553
7.254

u.695
22.650

.b,lXL.2*I
34.”493’

4a.4cg
55.366
63.363
71..799
79.349
.%.ml’

! 92.228
96.817:

0.374
.mo
.133
.’033
.G53
.W5
-.03i
-.035
-.099
-.122
..172
-,zL8
-.21.4,
-.190

0.(%7
.101
.C53

,,
:,

h 11’! 1, “!l-l.!”‘i” ! ‘t

0.288
.142
.078
.030
-mom
-,045
..081
-.W
-.142
-.IAO
-.206
-.236
-.a.o
-.198

0.257
.l~
.173
.079
,009‘!J
-.019
-.W-l
..128
-.160
-.200
-.224
-.203
-J96
-a%

.—

0.230
.1o1
.039
-.009
-.037
-.085
-LU6
-.122
-.176
-.194
-.232
-.220
-.208
:-.X5

0.308
.246
.222
.101

..ii .0+27
.Cill
-,077
-.103
-.140
-.184
-.2U2
-.240
--.zL6
..203

m——
o.119
.0s
-.023
-.(%9
-.097
-.145
-.ln
-A&J
-.233
-.249
-.281
-.303
-.303
-.m

r surface

-0.IJ.6
-.026
-.oa
-.114
..146
-.192
-.224

-mtio
-.294
-.318
-.350
-.%
-.252

I.awOrsurface

o.ku
.333
.285
.15g
.C%3
.055
-.023
-.057
-.097
-.143
-.177
-.Z!-5
-.233
-.207

0.491
.413
.357
.224
.l~l
.I.26
.040
.C02

-.042
-.0E3
-.126
-.170
-.190
-.180

-0.302

-.IM
-.146
-.174
-.228
-.S3%

-.324
-.3*
-.362

-.395
--377
-.22)

0-559
.493
.421
.288
,:.naI
.190
“.097
.053
.W
-.o~
-.081
-.W3
-.160
-.190

-0.414
-.*3
-=95
-.z33
::~

-.300

-.@
-.380
-.409
-.428
-,376
..241

0.6u3
.751
.W
.352

~ 1..276
.2J!4
.149“
.1~
.061
.006
-.OM
-.ti8
-.lr?l
-J53

-0.496
-.372
-.378
-.388
-.W
-.400
-.klo
-.372
-.404
-.416
-,438
-.436
-.345
-.267

-0,31
-.45a
-.4>6
-.456
-.456
-.464
..476
..432
-.4a8
-.49U
-.480
-.476
-.432
-.37’3-

0.673 I 0.73
.601 .66k
.534 .604
.407 .471
.327 ,!, IM.* 1:
.m .368
.p4 ..%7
.169 .219

L
.I.11 .163
.051 J04
.003 .C52
-.046 .001
-.0E12 ..033
-.114 -.075 ;

v.

, * , ,
i, + I . 1’
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lW!L2 I.- mi3w.m2 co2FFIclmT!n4TA Fcm mm 2PMHIE2 27nTIom - COrltimd

(c)~ -0..%6
b/2

Orm.m R-emu-e COefficieut
ntstion

(pmut c) a.-@ a.@ a-lo a-y .Z=50 u. -? ..$P ct.llo alp

I
$?.476
10,OEIO
13,kfl
20.W
25.5%
33.245
39.%5

%:%
55.2&1
66.844
72.325
79,929
84,3.31
90.106
97’.259

0.473
.314
.’263
,204
.137
.0S1
.OI.7

-.015
-.G59
..093
-.146
-m
-.222
-.!230
-.270
-264

0.G57
.fJf39
.@

-:27
-an
-.126
-.162
-.lm
-,ah
-.244
-.2-72
-.?@
-.32U

-.36
-.3%

0.356
.241
.X5
,146
.092
.G07

-.03
-.039
-J05
-.323
-.M34
- #m
-.6
-.252
-.224
-.224

0.292
.-
.?J34
.lbi?
.022

-cm
-.QQ
-.101

-.I.27
-.154
-J.&
-.216
-.24a
-.2s4

-.224

m?

0.262
.U’o
.IS5
.107
.0J+3

-.m
-.104.
-.144
-X3
-.22a
-.249
-.X4
-.240
.,222
-.232

0.362
.26-I
.222
.170
.04’?

-.IJI1
-A43
-.CS1
-.1C4
-.134
-.164
-J%
-.232
-.252
-.2SLI
-.244
-.234

-O,cd.

.C69

.0?5
-.023
-.093
::m~

-.201
-.223
-.275
-.W1
-.33
-.@
+$

u

0.460
.353
.W
.237
.IJ35
.m5
.W3
-.027
-.053
-.063
-.2J.5
-.V1
-.lE9
-.213
-.243
-.267
-.Eel

P surface

-o+nk
-.356
-.130
-.W4
-.@
-.126
-.17’2
-.W3
-.233
-.&
-.30
-.333
-.374
-.356
;:$

-0.430 -0.501
-al -.396
-.26’7 -.m
-.223 -.y.o

-.279 -.?@
-.Z91 -.ti

-,316 -g
-.314
-,340 -.434
-.!46
-.402 ::!%
-,424 -.436
-.403 -.424
-.333 .-.412

r mufkce
1 1

0. 53
:~

.3C6

.L74

.@+

.032

.C@

.009
-.026
-.0$3
-.@
-.136
-.3.66
-.*
-.@
-.256

0.612
,491
.425
.364
.233
.177
.133
.0!39
.G56
.CK!4
-.014
-Q$o
..C94
.J.21
-.L51
-.17-7’

O[g
.292
.237
.191
.145

-.042
-.074
-J05
-.3.33

-0.539
-,46.3
-.45U
-.373
-.363
-.424
-A32

-. IL%
-.460
-.482
-.484
-.462
-.460
-.446
-A*

0.71.5
.604
.539
A79
.30
.294
.249
.203
.167
.132
.C94
S@

-:Z
-.059
-.Q3-I

-0.%7
-.5*
-.5C?5
-.424
-.420
-.430
-.434

-.5a3
-.&k
-.wi
-.476
-.460
-.459
-.472
-.458

0.751
.656
.5%
.535
.W
.30
.302
-m7
.-
:$

.103

.056

.02U
-.OU
-,033
-.101

G
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T&_EIE I.- PRFSSORE COETFICIXWC DATAFORFOURSPMiWISESTATIONS- Concluded

(d) .-& = 0.937

Orifice &essure coefficient
station

(pcent c) ..2 ..(P a-l” a.? a=50 a=~ CL=$f’ a.ll” ~. 130

Wr surface

2.420, 0.497 0.364 0.260 -0.OD -0,322 -0.413 -0.474 -o.511 -0.528
I&& .26A .187 .135 ,@l -.178 -.@o -.386“ -.472 -.530

.186 .120 .077 -.170
30:363

-.;274 -.364 4$ ;:~4
.057 .014 -.019 -:23 -.178 -:2pl -.364

33.223 .023 -.013 -.043 -.C83 -1oo -.274 ..358 -.424
36.744

-.476
-.013 -.045 -.073 -.-KU -.1.86 -,2B2 -.356 -.420 -.k70

4a.264 -.037 -.065
46.%5

-.091 -.W -.I.84 -.m -.344 -.404 -.444
-.091 -.113 -.141 -.ln

60.9J+6
-.200 -.310 -.376 -.436 -.476

-.162 -.100 -.204
67.327

-.237 -.244 -.346 -.4C% -.J+% J&
-.198 -.214 -.235 -.269 -.274 -.369 -.42a -.476

;3.#56 -.290 -.216 -.2?0 -.347 -,358 -.k23 -.4$3 -.492 -.492
-.yo -.21.O

98:30
-.216 -.363 -,378 -.421 -.460 AZ . ..490

-.X4 -.208 -.212 . -.89 -.314 -.362 -.420 -.460.,.

Imim?surface

2JX0 0.019 U.ml 0.356 0.k72 0.557 0.622 0.66-5 0,71.I.
7.701

0.74
., .W5 .233 ,282 .367 ,441 ,X1 .555 .6c13

12.321. .081 .189 .228 .305 .375 .437 .489 .541 :%

ht;::g
,,i.073 Ij;:&; .259!l&& !i;s d f ‘1:%. “

.435 J@ .!52
.001 .~63 ~ .3B I . 3-@ :~o :;

28.383 -.039 .018 .039 .089 .150 ‘ .204 .248 .298
31.9fJ3 -.059 -.0Q7 .(N7 .049 ,,.106 .159
38.504

-w ;25; .306
-.102 -.057 -.043 -.039 .03 . d; .la

43.764 -.@ -.043
.=7

-JL2
, 4.505

-.037 .005 .093 .136 .171
-.170 .-X28 -.13.8 -.091 -.058 -.o11 .0% .072 .I.16
-,2(% -.166 -.m -.131.

$ 2:%
-.104 -.(%7 -.026 .OI-6 .@

-,242 -L@ -.196 -.171.
~ &3.co9

-.146 -’--.110 -.074 -.033 .003
-.38 -.21.O ...m -.289
-.296

-.272 ;-.246 -.221. -.lW -.156

$’%:;:1 ; -.~o
-.203 -.zi6 -,3VJ -.292 -.270 ..24 -.220 -.186-

1i!-.m !I:l,-.= :-.291: ,-.303~ ;,.-.X26 ; -.*k,
., ~-j33 -.m 1!;

P. ,,.

,,,
,

I
8 ,,,

I

I., ,,ll
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TABLE II. - PRESSURE COEF!FICIEWl! DATA FOR

(a) StationA

TWO OBLIQUE STATIONS ,

1’ orifice I Pressure coefficient
station

(percentc) U.-9 a=OO a.l” a=j” a=?” U.7Q a.y” a=ll” a. 13°

L
2.273
8.502

2$).545
36.364
46.970
63.068
m.114
93.939

0.429
.300
.067
.013
-.051
-.148
-.220
-.212

T
4.336 0.103

22,727 -.031
46,591 -.174
36.250 -.228
73.295 -.280
87,879 -.24.0
96.ko2 -.23a

I
0.302
.Z15
.(X)9
-.045
-.103
-.194
-.252
-.2CM

0.232
.164

-.021
-.071
-.130
-.=6
-.234
-,2J-O

0.237
.032
-.1.25
-.176
-.242
-.214
-.204

0.296
.061

-.097
-.150
-.222
-.238
-.208

Upper fiurface

-0.C05
.049
-.089
-.135
-.189
-.264
-.316
-.328

-0.290
- .I.36
-.140
-.186
-.242
-.312
-.352

-.308

-0.403
-.274
-.214
-.224
-.280
-.332
-.38J.
-.24a

Lowersurface

T
0.390 0.463

,119 .180
-.041 .016
-.097 -.048
-.181 -.136
-.217 .-.188
-.181 -.166

-0.479
-,370
-.340
-.344
-,326
-.392
-.444
-,237

0.529
.250
.069
.007

-.085
-.146
--.178

0.589
.310
,133
.062
-.038
-.104
-.155

-0.528
-.452
-.408
-,414
-.424
-.432
-.444
-.252

0.64.2
.370
.191
.116
.009

-.059
-.115

-0.557
-.518
-.46a
..468
~A::

-.474
-.275

0.694
.431
.245
.169
.058
-.013
-.077

“v
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TABLE II.- PREWORE COEFFICIENTDATA FOR TWO OBLIQUE STATIONS - Concluded

(b) Station B

Orifice Pressure coefficient
station

:percentc) m = -2? a=OO a=l” u=3° u=?” G=70 G=9° ‘?= 11° u = 13°

Uppersurface ‘

12 .0-(7 o.2@ 0.185 0.139 0.085 -0.178 -0.280 -0.376 -0.460
23.188

-0.524
.131 .062 .027 -.041 -.176 -.280 -.360 -.432 -.488

36.473 .027 -.037 -.069 -.133 -.176 -.306 =. 378 -.438 -.485
47.101 -.04 -.107 -.138 -.193 -.232 -.336 J!& ;:;$ -.498
63.043 -.142 -.192 -.22U -.264 -.306 -.371
73.671 -.204 -,252 -.26a -.320 -.358 -.391 -.420 -.4.4.4 -.472
82.609 -.236 -.250 -.234 -.362 -.400 -.377 -.412 -.442 ;:::
94.203 -.264 -.218 -.218 -.334 -.346 -.344 -.384 -.420

Lower surface

2.174 0.093 0.307 0.381 0.488 0.563 0.623 0.678 0.725 0.762
8.937 .087 .2G0 .245 .325 .393 .457 .519 .579 .633

17.633 .021 .109 .143 .212 .278 .339 .402 .464 .517
I 29.710 I (i!.)fj~ I I .oo6 .035 .097 .158 ‘ .a8~ II .~~i .ylcl - l’ .~

42,512 -.147 -.0% -,062 -.008 .055 .110 , .171 .229 .284
&J -.222 -.169 -.146 -.091 -.035 .018, .075 .128 .181

-.284 -.233 -.213 -.162 -.111 -.062 -.010 .042 .092
80:193 -.259 -.249 -.263 -.217 -.171 -.125 -.074 -.027 .OZL
93.961 -.249 -.=8 -.226 -.266 -.237 -.193. -.147 -.104. -.058

-=s=

,1 1



Figure 1.- Preswme model of the supersonicaircraft configurationtested
in the Langley ~ by !-foot,supersonictunnel.
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Streamwise orifice stations

0.186+

Oblique orifice %tioms

I

J

Figure 3.-
!

Schematicview of wing showingorifice stations and Mach lines. 0
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Figure 4.- Downstreamview of test model mounted
supersonictunnel.
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